Domestic electric heating elements that failed after a few years of use but before their expected service life were received for failure analysis. The investigation mainly involved visual examination and SEM studies including EDX (Energy-Dispersive X-ray analysis). From the background information and the SEM investigation revealed that the premature failure was mainly due to the general type of corrosion (resulting in short-circuiting) the heater elements as a result of the formation of magnesium and calcium based salts over a period time.
Introduction
Electric water heating elements of 240V and 4500W rating were used in the hot water heating application. Electric water heating is often done by an immersion heaters fitted near the bottom as well as at the top of the hot water tank. The immersion heater is a metal tube containing an insulated electric resistance heater. Electric heaters are typically of tubular type. Water heaters are one of the most familiar fixtures in most homes. It's basically a drum filled with water and equipped with a heating mechanism on the inside bottom and/or top part. There are a few literatures that discuss various aspects of heating and maintenance including failure analysis of hot water heaters/boilers [1] [2] [3] [4] [5] . A schematic sketch of a domestic hot water heater/boiler is shown in Figure 1 . In the present case, two heating elements that were used inside the domestic electric heater failed after corrosion/short-circuiting. The primary objective of this investigation is to determine the root cause for the premature failure.
Experimental Procedure

Visual Examination
Visual examination of the short-circuited heating elements revealed the presence of thick deposits on their surfaces as demonstrated in Figure 5 shows the presence of black deposits (dominant in magnesium content) on the surface of the bottom heating element at relatively a higher magnification.
Material
The basic material used in making heating elements is a low carbon steel (AISI 1020 grade) with a nominal carbon content of about 0.20 wt. percentage.
Scanning electron microscopy
The white and the black deposits were investigated using SEM and the elemental composition of the same was analyzed using the EDX (Energy-Dispersive X-ray analysis) attachment [7] . Fig. 6 demonstrates the elemental analysis of the top inside portion of the heating element which contains mainly calcium element. From Fig 6 and 7 , it is clear that the white layer deposited on inside and outside portions of the top heating element is the same having calcium as the major element [7] . The original source of magnesium and calcium elements is the hard water that is supplied from the underground water. Evidently, the underground water had plenty of magnesium and calcium salts that eventually got deposited on the heating elements during use.
Conclusions
The top (both inside and outside portions) heating element was coated with white colored deposits predominantly made of calcium element.
The bottom heating element was coated with black deposits dominant in Magnesium, silicon and calcium elements.
EDX analysis of heaters confirmed the presence of magnesium and calcium salts that were deposited on the heaters during usage.
The premature failure (short-circuit) was attributed to the general type of corrosion that occurred on the surface of the heating elements due to the presence of magnesium, silicon and calcium deposits.
